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Several regions of the posterior-lateral-temporal cortex (PLTC) are reliably recruited when participants read or listen to action verbs,
relative to other word and nonword types. This PLTC activation is generally interpreted as reflecting the retrieval of visual-motion
featuresofactions.Thisinterpretationsupportsthebroadertheory,thatconceptsarecomprisedofsensory–motorfeatures.Weinves-
tigatedanalternativeinterpretationofthesameactivations:PLTCactivityforactionverbsreflectstheretrievalofmodality-independent
representations of event concepts, or the grammatical types associated with them, i.e., verbs. During a functional magnetic resonance
imaging scan, participants made semantic-relatedness judgments on word pairs varying in amount of visual-motion information.
Replicatingpreviousresults,severalPLTCregionsshowedhigherresponsestowordsthatdescribeactionsversusobjects.However,we
found that these PLTC regions did not overlap with visual-motion regions. Moreover, their response was higher for verbs than nouns,
regardlessofvisual-motionfeatures.Forexample,theresponseofthePLTCisequallyhightoactionverbs(e.g.,torun)andmentalverbs
(e.g.,tothink),andequallylowtoanimalnouns(e.g.,thecat)andinanimatenaturalkindnouns(e.g.,therock).Thus,PLTCactivityfor
action verbs might reflect the retrieval of event concepts, or the grammatical information associated with verbs. We conclude that
conceptsareabstractedawayfromsensory–motorexperienceandorganizedaccordingtoconceptualproperties.
Keywords:language;sensory–motor;temporal;concept;memory;visualmotion
Introduction
Concepts are mental representations that form the meanings of
words and allow us to categorize events and entities in the world
(MedinandSmith,1984).Duringdevelopment,andthroughout
thecourseofourlives,perceptualandactionexperiencesallowus
to form concepts. What role does perceptual experience play
during subsequent concept retrieval (e.g., during word
comprehension)?
Accordingtoonehypothesis,conceptretrievalisthereactiva-
tionofexperiencesstoredinthesensory–motorcortices(Allport,
1985; Martin et al., 1996; Pulvermu ¨ller, 1999, 2001, 2002; Prinz,
2002;GalleseandLakoff,2005).Forexample,retrievingthecon-
cept “kick” reactivates the representation of our experiences of
kicking, including seeing someone else kick or planning and ex-
ecuting kicking ourselves. Alternatively, concepts might be ab-
stractedawayfromsensory–motorexperiences.Accordingtothis
proposal, concepts are represented outside of sensory–motor
cortices and organized by conceptual, rather than perceptual,
properties (Caramazza et al., 1990; Rogers et al., 2004; Mahon
and Caramazza, 2008).
Support for the idea that sensory–motor experiences are re-
played during conceptual retrieval comes from neuroimaging
studies of action verbs. Comprehension of action verbs leads to
increased activity in the posterior-lateral-temporal cortices
(PLTC), when compared with comprehension of names of ob-
jectsornonwords(Martinetal.,1995;Damasioetal.,2001;Kable
etal.,2002,2005;Davisetal.,2004;BednyandThompson-Schill,
2006). This PLTC activation is said to occur in, or near, brain
regions that process visual motion, specifically middle temporal
area (MT), which subserves basic motion processing, and the
right superior temporal sulcus (rSTS), which is important for
biological motion perception (Watson et al., 1993; Grossman et
al., 2000, 2005; Giese and Poggio, 2003). Understanding action
verbs is therefore thought to activate visual-motion representa-
tions (Martin et al., 1995; Damasio et al., 2001).
Alternatively,PLTCactivityforactionverbsmaylieoutsideof
motion perception areas and reflect the retrieval of nonsensory,
conceptual or grammatical information relevant to action verbs.
Consistent with this interpretation, regions within the PLTC re-
spond not only to action verbs, but also to abstract verbs (Gross-
man et al., 2002; Davis et al., 2004; Bedny and Thompson-Schill,
2006; Shapiro et al., 2006). However, to date the grammatical
class and visual-motion features of words have not been manip-
ulatedwithinthesamestudy.Norhasitbeenestablishedwhether
action-verb activation occurs within or outside of motion-
perception regions. It is therefore not known whether PLTC ac-
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grammatical category, or both.
Inthepresentstudy,wetestedthepredictionthatunderstand-
ing action verbs activates motion-perception regions. We then
determined whether the response of PLTC regions during word
comprehensionispredictedbythepresenceorabsenceofvisual-
motion features, or by a word’s grammatical class. PLTC activity
was measured during motion perception and while subjects
made semantic judgments about verbs and nouns that varied as
to whether their meanings contained visual-motion features.
MaterialsandMethods
Participants. Twelve healthy native-English speakers (six females) took
part in the word comprehension experiment. The average age of the
participants was 24 (SD, 3). Eleven of these participants took part in the
localizer experiments. Participants were all right-handed, native English
speakers. None suffered from psychiatric or neurological disorders, or
hadeversustainedheadinjury,orwereonanypsychoactivemedications.
Allsubjectsgaveinformedconsentandwerepaid$30perhourfortaking
part in the experiment.
Procedure. Participants took part in three experiments during a single
scan session: a word comprehension experiment and two “localizer”
experiments (biological motion and basic motion).
In the word comprehension experiment (five runs of 7.7 min) partic-
ipants heard pairs of words presented over headphones. Participants
indicatedhowrelatedinmeaningthetwowordswereonascaleofoneto
fourbypressingbuttonsonethroughfouronarespondpad.Wordpairs
were presented in blocks of five and were blocked by condition. Blocks
were 18 s long and were separated by 14 s of fixation.
Wordstimuliconsistedof50wordsineachofthefollowingcategories:
high-motionverbs(action);intermediate-motionverbs(change-of-state
and bodily function); low-motion verbs (mental); high-motion nouns
(animals); intermediate-motion nouns (tools); and low-motion nouns
(inanimatenaturalkinds).Weobtainedmotionratingsforallwordsina
separate set of 14 participants who rated words on the extent to which
theirmeaningsbroughttomindvisualmovement(forinstructions,sup-
plemental text, and for results of the motion rating experiment, see sup-
plemental Fig. 1, available at www.jneurosci.org as supplemental mate-
rial). Nouns and verbs, as well as the different motion categories, were
matched on familiarity (based on a prior rating study with a separate set
ofsubjects),andwerealsomatchedbylengthinsyllablesandphonemes,
as well as frequency (based on the MRC database) (familiarity: Mnoun 
4.72, SD  0.75, Mverb  4.58, SD  1.31; syllable Number: Mnoun 
1.31,SD0.77,Mverb1.27,SD0.48;allpvalues0.10)(Coltheart,
1981) (for further details, see supplemental Table 3, available at www.
jneurosci.org as supplemental material). A nonword condition was also
included, but not analyzed for the present study. Stimuli were digitally
recorded by a male native English speaker at a sampling rate of 44,100 to
produce 32-bit digital sound files. Audio files were normalized to each
otherinvolumewithrespecttorootmeansquare(RMS)amplitudesuch
that all files, and consequently, all categories, had approximately equal
RMS (average RMS, 12.04 dBFS) (http://normalize.nongnu.org/
README.html). Words were presented in pairs, with 50 pairs per cate-
gory. Each word was repeated once during the experiment, but paired
with a different word the second time.
In the biological motion localizer experiment, participants performed
a one-back task with point-light animations of human hand, leg and
whole-body actions, such as kicking, running and jumping (animation
duration, 1 s). The depicted actions were similar to the meanings of
action verbs in the word comprehension experiment. The control con-
dition consisted of scrambled point-light animations, which are per-
ceived as meaningless dot movements rather than human actions (for
further details, see Grossman et al., 2000). The biological motion and
control conditions were blocked (block length, 18 s; between block in-
terval, 12 s). The experiment consisted of two runs, each 5.17 min long.
During the basic motion localizer experiment, participants saw four
types of blocks. Motion blocks consisted of contracting and expanding
concentric rings. In the motion control condition, the same concentric
rings changed in luminance, but did not move (Tootell et al., 1995;
Ahlfors et al., 1999). Two other conditions were included: bodies (still
photographs of bodies and body parts) and objects (photographs of
manmade objects and object parts). These conditions allowed us to lo-
calize the extrastriate body area (EBA) and the lateral-occipital complex
(LOC). Throughout the experiment, participants were instructed to fix-
ate on the center of the screen (for details of procedure, see Saxe et al.,
2006).
Functional magnetic resonance imaging data acquisition and analysis.
Structural and functional data were collected on a 3 Tesla Siemens scan-
nerattheAthinoulaA.MartinosImagingCenterattheMcGovernInsti-
tute for Brain Research at the Massachusetts Institute of Technology.
T1-weightedstructuralimageswerecollectedin128axialsliceswith1.33
mmisotropicvoxels[repetitiontime(TR)2ms;echotime(TE)3.39
ms]. Functional, blood oxygenation level-dependent (BOLD) data were
acquiredin334mmvoxels(TR2s;TE30ms)in30near-axial
slices. The first four seconds of each run were excluded to allow for
steady-state magnetization.
Data analysis was performed using SPM2 (SPM2 http://www.fil.ion.
ucl.ac.uk/) and in-house software. The data were realigned, smoothed
witha5mmsmoothingkernel,andnormalizedtoastandardtemplatein
Montreal Neurological Institute space. The modified-linear model was
used to analyze BOLD activity of each subject as a function of condition.
Covariates of interest were convolved with a standard hemodynamic
response function (HRF). Nuisance covariates included run effects, an
intercept term, and global signal. Time-series data were subjected to a
high-pass filter (128 Hz).
BOLD signal differences between conditions were evaluated through
second level, random-effects analysis. In whole-brain analyses, the false-
positiveratewascontrolledat0.05(corrected)byperformingMonte
Carlo permutation tests on the data (using a cluster size threshold with a
primary threshold of 3) (Nichols and Holmes, 2002; Hayasaka and Ni-
chols, 2004). Whole-brain analyses included 12 subjects for the word
comprehensionexperiment,and11subjectsforeachofthetwolocalizer
experiments. The whole-brain, overlap analysis thus included 11 sub-
jects. Region-of-interest (ROI) analyses were performed on the average
ofpercentagesignalchange(PSC)fromTR3through10relativetoarest
baseline (the first two TRs were excluded to account for the hemody-
namiclag)(forexamplesofsimilaranalyses,seeSaxeetal.,2006;Bakeret
al., 2007). Functional ROIs were identified in individual subjects based
on localizer experiments or orthogonal contrasts. The one participant
who did not take part in the localizer experiments did not have percep-
tual ROIs and was thus excluded from all analyses of those ROIs. For the
purposesofdefiningROIs,contrastswerethresholdedinindividualsub-
jectsatp0.001,k10.Ifnovoxelswereobservedatthisthreshold,the
threshold was lowered to p  0.01. If no voxels were observed at
the lowered threshold, the subject was excluded from that analysis. The
numberofsubjectsincludedineachanalysisisindicatedthroughoutthe
results section. Analyses comparing high-motion to low-motion words,
aswellasintermediate-motiontolow-motionwordsincluded200items.
Comparisons of high- to low-motion categories for nouns and verbs
separately (as well as all other pairwise comparisons) included 100 word
pairs (50 in each category).
Results
Motion-rating experiment
For verbs, actions had the highest motion ratings, followed by
change of state/bodily function verbs and then by mental verbs.
(Changeofstateandbodilyfunctionverbsweregroupedintothe
intermediate motion category for verbs because they had similar
motion ratings.) For the nouns, animals had the highest motion
ratings, followed by tools, and then by natural kinds. Within
grammatical classes, the main effect of motion category was reli-
able(Fitem25,p0.0001;Fsubject4,p0.05)(supplemental
Fig. 1A, available at www.jneurosci.org as supplemental mate-
rial). Based on these ratings, we defined two contrasts of high-
motionandlow-motionwordsforthefunctionalmagneticreso-
nance imaging analyses, collapsing across grammatical class. For
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and animal nouns, whereas the low-motion words included
mental verbs and inanimate natural kind nouns. The high-
motion words were reliably higher in motion ratings than low-
motion words (titem(198)  13.84, p  0.0001; tsubject(13)  7.73,
p  0.0001) (Fig. 1 A). We also defined a secondary motion
contrast, comparing the intermediate and low-motion catego-
ries, which differed reliably in motion ratings (bodily function
and change of state verbs  tool nouns  mental verbs  inan-
imatenatural-kindnouns;titem(198)6.48,p0.0001;tsubject(13)
3.59,p0.01).Thissecondarysetwasorthogonaltotheaction
verbsanimalnounscontrastandwasusedtotesthypothesesin
brain regions defined by the action verbs  animal nouns
contrast.
Localizer experiments
Based on the biological motion localizer experiment, we defined
rightandleftSTS(lSTS)ROIsinindividualsubjects,withaverage
peak voxels [58 49 13] and [57 55 12]. Based on the basic
motion localizer experiment, we defined the following ROIs in
individual subjects: right and left MT ([48 66 2], [46, 72,
3]), right and left EBA ([54 62 5], [53 70 6]), and right and
left LOC ([43 78 6], [45 74 6]) (supplemental Table 1,
available at www.jneurosci.org as supplemental material).
Visual-motion regions identified in the whole-brain random ef-
fectsanalysesareshowninFigure1(supplementalTable2,avail-
able at www.jneurosci.org as supplemental material).
Wordcomprehension experiment
Participantsjudgedthesemanticsimilarityofpairsofwords.The
averagesimilaritywasnotdifferentfornounsversusverbs(Mnoun
 1.86  0.38, Mverb  1.85  0.34; t(8)  0.28, p  0.78).
Furthermore,therewasnodifferenceinaveragesimilarityamong
categories of nouns (F(2,16)  0.60, p  0.56) or verbs (F(2,16) 
0.54, p  0.60; all paired comparisons t  1, p  0.3). High-
motion words (action verbs  animal nouns) did not differ in
average pairwise similarity from low-
motion words (mental verbs  inanimate
natural kinds) (t  1, p  0.3).
Participants responded faster to noun
pairsthanverbpairs(Mnoun1702118
ms,Mverb182387ms;t(8)5.06,p
0.001). Participants responded to all se-
manticcategoriesofverbsequallyfast,and
the same was true of nouns (Fnoun(2,16) 
2.07,p0.15;Fverb(2,16)0.64,p0.5;all
paired comparisons, t  1.9, p  0.10).
High-motion words did not differ in reac-
tion time from low-motion words (t  1,
p  0.3) (for relatedness ratings and reac-
tiontimeofeachcategory,seesupplemen-
tal Table 3, available at www.jneurosci.org
as supplemental material)
Responseofmotionperceptionregions
duringword comprehension
Do motion perception regions distinguish
between motion words and
nonmotion words?
Do the brain regions involved in visually
perceiving motion also support under-
standing words that have visual-motion
features? To answer this question, we ex-
amined activity during word comprehension in bilateral MT
andSTS.FromeachoftheROIs,weextractedthePSCrelativeto
resting baseline for each word category. We then tested whether
the response differentiated between the highest and lowest
motion-word categories. We also assessed whether any of these
regions differentiated between verbs and nouns.
PSC did not differ among word types within the right or left
MT ROIs: high-motion words did not differ from low-motion
words, nor did verbs differ from nouns. No verb or noun types
differed from each other (F  2, p  0.2). In fact, the BOLD
response in bilateral MT was reliably lower, during all word
conditions,thanduringtherestcondition(Mright MT0.35
0.24, t(10)  4.92, p  0.0001; Mleft MT  0.36  0.24, t(10) 
4.96, p  0.0001). This result is consistent with previous find-
ings showing that perceiving stimuli in one modality (auditory,
in this case) results in suppression of regions that are important
for perception with a different modality (visual, in this case)
(Haxby et al., 1994; Sadato et al., 1996) (Fig. 1B)
IntherightSTS,high-motionwords(actionverbsandanimal
nouns) did not differ from low-motion words (mental verbs and
inanimate natural kind nouns), nor did verbs differ from nouns
(t  1, p  0.3). The high-motion nouns did not differ from
low-motion nouns, nor did the high-motion verbs differ from
low-motionverbs.Noneoftheverbandnouncategoriesdiffered
among themselves (F  1, p  0.3). In the left STS, high-motion
wordsdidnotdifferfromlow-motionwords(t1,p0.25).
However, verbs produced greater activity than nouns (Mverb 
0.18  0.44, Mnoun  0.03  0.24, t(10)  3.53, p  0.001). This
effect remained reliable when reaction time was included as a
covariate in each subject’s model (t(7)  2.79, p  0.05). None of
the verb categories differed among themselves (F  1, p  0.3).
Amongthenouns,naturalobjectsproducedgreateractivitythan
animals(F(2,11)6.4,p0.01,Tukey’shonestsignificantdiffer-
ence, Q  2.53, p  0.05) (Fig. 1B).
Figure1. Motionratingsandneuralresponsestohigh-and-low-motionverbsandnouns.A,Motionratingsforhigh-motion
and low-motion verbs and nouns: high-motion verbs (actions), high-motion nouns (animals), low-motion verbs (mental pro-
cesses),low-motionnouns(inanimatenaturalkinds).B,Percentagesignalchangeinregionsofinterestduringwordcomprehen-
sion. The lMT, rMT, lSTS, and rSTS ROIs were defined based on the localizer experiments (see Materials and Methods for
details).ThelTPJ,antlSTS,andantrSTSweredefinedbasedontheactionverbsanimalnounscontrast.Fortheaction-verb
regions,wedisplaydataforhighandlow-motionwordsdefinedorthogonallytotheactionverbsanimalnounscontrast(see
MaterialsandMethodsfordetails).lMTandrMT,Leftandrightmiddletemporalcomplex,respectively;lSTSandrSTS,left
and right superior temporal sulci, respectively; lTPJ, left temporoparietal junction; ant lSTS and rSTS, left and right anterior
superiortemporalsulcui,respectively.Errorbarsrepresentawithin-subjectstandarderrorofthedifferencebetweenverbsand
nouns.
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words based on their sensory features?
Although the primary goal of this study was to examine the rela-
tionship between motion perception and word comprehension,
we also examined word-related activity in other higher visual
regions: the EBA and the LOC. During perception, the LOC re-
sponds preferentially to pictures of objects, so we assessed
whether LOC responded more to names of objects (i.e., nouns)
than names of actions and events (i.e., verbs). The EBA re-
sponded to pictures of animal bodies more than to other objects
(Downingetal.,2001).Therefore,weexaminedwhethertheEBA
responded more to names of animals than names of other cate-
gories of objects. None of these effects approached significance
( p0.3).BilateralEBAandLOCwerereliablydeactivatedcom-
pared with rest during word comprehension (t  3.1, p 
0.05),anddidnotdifferentiatewordcategories.(AllROIanalyses
included 11 subjects, with the exception of the lSTS biological
motion region, which was identified in 10 of 11 subjects).
DoesthePLTCdistinguishbetweenhighandlow-motion
wordsorverbsand nouns?
Whole-brain analyses
We conducted a whole-brain analysis to examine whether any
region responded more to high-motion than to low-motion
words (action verbs  animal nouns)  (mental verbs  inani-
mate natural-kind nouns)]. We did not find any region that was
more active for high-motion than low-motion words at the cor-
rected threshold (through permutation analysis). Nor did any
region respond more to high- than low-motion verbs or nouns
when these were compared separately. To rule out the possibility
of a subthreshold effect, we used an extremely lenient threshold
( p0.01uncorrected,k10)andlookedfortheconjunctionof
action verbs  Thoughts verbs, and animals nouns  inanimate
natural-kind nouns (the maximum contrasts of motion associa-
tions within each grammatical class) (Price and Friston, 1997;
Friston et al., 2005). This conjunction analysis yielded no voxels
in the PLTC.
Critically, the results of a whole-brain, random effects analy-
ses replicated the previous finding of greater activity for action
verbs than names of animals in the PLTC (supplemental Fig. 3,
Table 2, available at www.jneurosci.org as supplemental mate-
rial). Similarly, the verbs  nouns contrast replicated previous
studies, revealing regions in PLTC, in addition to prefrontal and
parietal regions (Fig. 2; supplemental Table 2, available at www.
jneurosci.orgassupplementalmaterial).BothofthePLTCeffects
remained reliable when RT was included as a covariate in the
model.
ROI analyses: do regions that respond to action concept in the
PLTC respond preferentially to words with high-motion
associations or to verbs more than nouns?
To examine whether the action verb  animal noun effect was
attributable to the greater motion content of action verbs, action
verb  animal noun regions were defined in individual subjects
within bilateral PLTC. In the left PLTC, we identified an ROI
close to the left temporoparietal junction (lTPJ) (10 of 12 sub-
jects;averagepeak,584822)andanROIontheSTS(12of12
subjects; 57 41 1). In the right hemisphere we identified
one ROI on the STS (10 of 12 subjects; 57 46 11).
We investigated whether these regions respond more to
intermediate- than low-motion words [(tool nouns  bodily
function and change-of-state verbs)  (inanimate natural-kind
nouns  mental verbs)]. (As noted in the methods section, the
intermediate-motion words were reliably higher in motion rat-
ings than the low-motion words.) Alternatively, these regions
might differentiate between action verbs and animals nouns
based on grammatical class (bodily function and change-of-state
verbs  mental verbs  inanimate natural-kind nouns  tool
nouns).Thegrammaticalclassgroupingsdidnotdifferinaverage
motion ratings in the behavioral experiment (t(13)  1, p  0.3).
None of the left or right PLTC action-verb regions showed a
motion effect either for verbs and nouns together, or separately
(Fig. 1B)( t  1, p  0.5) (for an HRF graph, see supplemental
Fig. 2, available at www.jneurosci.org as supplemental material)
Incontrast,bothoftheleftPLTCregionsshowedgreateractivity
forverbsthannouns(t5,p0.0001).Thedifferencebetween
verbs and nouns in the left PLTC regions remained reliable after
RTwasincludedasacovariateinthemodel(leftSTS,t(7)3.60,
p  0.01; left TPJ, t(7)  7.28, p  0.0001). The right STS region
showedatrendforgreateractivityforverbs(t(9)1.78,p0.1).
ROI analyses: do any regions that respond more to verbs than
nouns distinguish between high-motion and low-motion words?
Weusedthecontrastverbsnounstoidentifyregionsofinterest
in individual subjects, and tested whether any of these regions
differentiated between word categories based on motion associ-
ations.TheverbnouncontrastrevealedthreefunctionROIsin
the left PLTC of each subject: a region in the left TPJ, one in the
posterior superior temporal gyrus (STG), and a third in the an-
terior STG (12 of 12 subjects for all ROIs). Two regions were
identified in the right PLTC: a region in the posterior STG, and
oneintheposteriormiddletemporalgyrus(7of12subjectsboth
ROIs).InadditiontothePLTC,wealsoexaminedROIsintheleft
(11of12subjects)andright(7of12subjects)inferiorfrontalgyri
and left (9 of 12 subjects) and right (8 of 12 subjects) inferior
parietal lobule and left precentral gyrus (11 of 12 subjects). In
Figure2. Resultsofthewhole-brainanalysesforverbsnouns(pink),biologicalmotion(biologicalscrambledmotiongreen),basicmotion(motionluminance,purple),andoverlapof
biologicalscrambledmotionandverbsnouns(yellow).Resultsarethresholdedatp0.05(correctedformultiplecomparisons)anddisplayedonacanonicalbrain.
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lowest motion categories [(action verbs  animal nouns) 
(mental verbs  inanimate natural-kind nouns)]. None of the
verb-selective regions examined showed a greater response to
high- than low-motion words, nor for high- than low-motion
nouns or verbs separately (t values  1, p  0.3).
WealsoexaminedwhetheranyregioninthePLTCdefinedby
verb  nouns also showed more activity for tools than animals
(as reported by Kable et al., 2005). We replicated the finding of
more activity for tools than animals in the posterior aspect of the
left superior temporal gyrus. However, this effect could not be
attributable to motion information associated with tool words
(even tool specific motion information) because this region did
not respond more to tools than inanimate natural kinds (t(11) 
1.2, p  0.29, 12 of 12 subjects).
Spatialrelationshipofverbandmotionperception regions
Wefirstusedwhole-brainanalysistoexaminewhetheranyofthe
regions that differentiate between verbs and nouns overlap, even
partly,withbrainregionsinvolvedintheperceptionofmotionor
biologicalmotion(Fig.2).Therewasnooverlapbetweenregions
involved in basic motion perception and regions that differenti-
ated between verbs and nouns. However, in the group average,
one region of overlap was observed for verb comprehension and
biological motion perception in the right PLTC (verb  nouns
and biological motion  scrambled motion). Because group av-
eraging leads to spatial blurring of nearby activations, we inves-
tigated the overlap between verb comprehension and biological
motion perception in individual subjects. We calculated the per-
centage of all voxels active for both verb comprehension and
biological motion perception (relative to the total number active
in both tasks) in each individual (for details, see supplemental
methods, available at www.jneurosci.org as supplemental mate-
rial).Onaverage,intherightposteriortemporallobe3.13.4%
(range0to11%)ofvoxelsoverlappedbetweenverbcomprehen-
sion and biological motion perception. In the left PLTC we ob-
served 4.4  6.8% overlap (range 0 to 22%) (Kung et al., 2007).
Finally, we asked whether the neural response differentiated
high-motion and low-motion words specifically in those voxels
thatoverlappedbetweenverbcomprehensionandbiologicalmo-
tion perception in each subject. In the right STS overlap region,
high-motionandlow-motionwordsdidnotdiffer(neitherwhen
verbs and nouns were compared separately, nor when they were
combined)(t(8)1,p0.3).IntheleftSTSoverlapregion,there
wasgreateractivityforlow-motionthanhigh-motionwords(t(8)
 4.54, p  0.01). (Nine of the 12 subjects had some overlap
between the verb comprehension and biological motion percep-
tion, and were thus included in this analysis.)
Discussion
Separableperceptualandconceptualeffectsinthe PLTC
Numerous studies have reported a greater neural response in the
PLTC to actions verbs than to animal nouns and nonword con-
trols (Martin et al., 1995; Kable et al., 2002, 2005; Tranel et al.,
2003;Tyleretal.,2003;Kemmereretal.,2007).Thisresponsehas
been interpreted as activation of visual-motion regions during
comprehension of action verbs, attributable to the high-motion
associations of action concepts. As such, these data have been
taken to support the more general claim that concepts retrieved
during word comprehension are represented in sensory–motor
cortices and are comprised of sensory–motor features. Contrary
totheseclaims,wefoundthatthePLTCresponsewasnotrelated
to the visual-motion features of words. The PLTC regions that
respondtoactionverbsrespondmoretoallverbsthanallnouns,
regardless of whether the words have high-motion associations.
For example, PLTC regions respond more to mental verbs than
animal nouns, despite the fact that animal nouns are rated as
havingmorevisual-motioninformation.Infact,noPLTCregion
showed greater activity for high-motion words than low-motion
words in any of the whole-brain or ROI analyses. Furthermore,
none of the higher order visual regions we examined (bilateral
MT, STS, LOC, EBA) distinguished between conceptual cate-
gories based on their sensory associations. These data illustrate
that the presence or absence of motion information is not a di-
mension along which concepts are organized in the PLTC, and,
moregenerally,thatsensoryvisual-motionfeaturesarenotauto-
matically retrieved during word comprehension.
Oneconcernmightbethatavisual-motioneffectispresentin
the PLTC, but we did not detect it because of a lack of power in
our study. We think this is unlikely. First, we did, in fact have
adequate power (0.99 and 0.92) to detect a motion effect similar
in size to the grammatical class effect, in action  animal PLTC
ROIs.At0.80power,wewouldbeabletodetectaneffectthatwas
between 55% and 83% of the grammatical class effect size. A
power analysis based on the action  animal effect size reported
by Kable et al. (2002) showed that we had 0.99 power in all of
our ROI analyses to detect a motion effect. Perhaps even more
critically, rather than failing to find an effect, we replicate previ-
ousfindingsofgreateractivityforactionverbsthananimalsboth
in whole-brain and ROI analyses. We find, however, that this
effect is not attributable to the motion characteristics of action
verbs, but, rather, to their grammatical category.
Recently, it was reported that a temporal region shows a
higher response to visually presented tool motion than to other
kinds of motion (Beauchamp et al., 2002). Could this region
contain the visual-motion features associated with action con-
cepts? In our study, no area in the lateral temporal lobe re-
sponded more to names of tools than names of animals and in-
animate natural kinds, nor did any region respond more to
motion verbs than mental state verbs. However, a direct test of
this question requires functionally identifying the tool motion
areaandexaminingwhetheritrespondstomotionwords.Sucha
study has yet to be performed.
Isitpossiblethatpeopledonormallyaccessmotionrepresen-
tationswhentheyaccessactionconcepts,buttheywereprevented
from doing so by the experimental task? In the current experi-
ment, participants made semantic-relatedness judgments, com-
paring pairs of words within category. Such a detailed semantic
judgment required subjects to access concepts. Furthermore, a
wealth of behavioral evidence demonstrates that concepts are
retrievedautomaticallywhenwehearorreadwords,regardlessof
thetask(Stroop,1935;Neely,1991).Thepresentresultstherefore
demonstrate that retrieving action concepts during word com-
prehension does not lead to activation of visual-motion features.
More generally, we suggest that retrieval of sensory–motor fea-
tures is not obligatory during word comprehension.
How do our findings relate to recent reports of behavioral
congruence effects between perception and language? For exam-
ple,inarecentstudy,Meteyardetal.(Kaschaketal.,2005;Mete-
yard et al., 2007) demonstrated that subjects were faster to indi-
catewhetheradotdisplaycontainedcoherentmotion,whenthat
motion was in the same direction as a verb they heard. One in-
terpretation of these behavioral effects, in light of our findings, is
that they arise from neural loci that are distinct from perceptual
cortices. For example, information about the trajectory of a verb
mightberepresentedinrich,butmodality-independent,seman-
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stimulimightaffectprocessingofsensory–motorrepresentations
when the perceptual representations are concurrently activated
byaperceptualtask.Thus,thesepreviousbehavioralfindingsare
notinconsistentwithourfindingthatwordcomprehensiondoes
not entail the reactivation of sensory experiences.
It seems probable however that sensory–motor representa-
tions can be accessed in response to word stimuli during some
cognitive tasks. For example, sensory–motor features might be
activated during imagery, and for making judgments about de-
tailedsensorypropertiesofnamedobjects(TylerandMoss,2001;
Caramazza and Mahon, 2003; Oliver and Thompson-Schill,
2003;Tyleretal.,2003;Rogersetal.,2004;Machery,2006,2007).
PreviousstudieshavedemonstratedrightSTSactivitywhensub-
jectswerespecificallyinstructedtoimaginemotioninresponseto
verbal cues (Grossman and Blake, 2001). Additionally, regions
near MT may be activated when subjects hear words from an
artificial lexicon whose semantic representations consist entirely
of associatively learned perceptual features (Revill et al., 2008).
Also, as described above, some studies have reported motor ac-
tivity during passive listening to action verbs (Hauk et al., 2004).
However, simply making visual-motion features of real words
pertinent to a semantic decision in a purely linguistic task is not
sufficienttoactivateareaMT(Kableetal.,2005).Animportant
question for future research concerns the circumstances during
naturallanguagecomprehensionthatleadtotheretrievalofsen-
sory–motor information and the role this information plays in
cognition and behavior (Mahon and Caramazza, 2008).
Verbselectivityinregionsanteriortobiologicalmotion
perception regions
PreviousstudieshavereportedregionsinPLTCthatshowgreater
activity for verbs than nouns (Warburton et al., 1996; Perani et
al., 1999; Kable et al., 2002; Davis et al., 2004; Kable et al., 2005;
Bedny and Thompson-Schill, 2006; Shapiro et al., 2006;
Yokoyama et al., 2006; Bedny et al., 2007). The present study
demonstrates that these regions do not represent visual-motion
properties, but their precise role remains unclear. Nonetheless,
unlike some other category specific findings, verb effects in the
PLTC are robust, consistent from study to study, and from indi-
vidualtoindividual.Thustheyprovideacrucialdatumthatmust
be accounted for by any model of conceptual organization.
One possibility is that one or more of the PLTC verb regions
representthesemanticsofevents(Wuetal.,2007).Wefoundthat
some of the PLTC verb-selective regions are just anterior to bio-
logical motion perception regions in the STS. This finding is
consistent with the Anterior Shift Hypothesis proposed by
Thompson-Schill et al. (Thompson-Schill, 2003; Kable et al.,
2005; Thompson-Schill et al., 2006). According to this hypothe-
sis, semantic regions lie anterior to perceptual regions that are
important for acquiring information about a particular category
ofconcepts,butinformationinthesemanticregionsisorganized
along different dimensions from those used in the sensory re-
gions (Thompson-Schill, 2003; Thompson-Schill et al., 2006). It
is possible that during development biological motion is an im-
portant source of information for learning about actions. Boot-
strapping from these action representations, abstract events
(such as mental actions and changes of state) could come to be
represented in this PLTC region. Critically, these PTLC event
regions do not represent perceptual features. Rather, perceptual
representations serve as input during development to form dis-
tinct conceptual features. This interpretation is at present highly
speculative. The proximity of biological motion perception and
verbregionsmayhaveevolutionaryoriginsormaybecoinciden-
tal. Future research is required to resolve this question.
Oneimportantobservationisthatmultiple,anatomicallydis-
tinct regions in bilateral PLTC showed preferential responses to
verbs.Eachoftheseregionsmayserveadistinctfunctionalrole.It
is possible, therefore, that some of the inconsistency in the neu-
roimaging literature on verb processing stems from the confla-
tion of these regions. In future studies, it will be important to
distinguishtheseregionsinindividualsubjectsandmeasuretheir
responses to both semantic and grammatical properties of verbs
(morphological complexity, number of thematic and subcatego-
rization frames, argument structure, imageability, etc.) (for sim-
ilar research, see Grewe et al., 2007; Thompson et al., 2007).
Conclusions
Our data demonstrate that previously identified PLTC action
regions respond preferentially to verbs relative to nouns, even
when the nouns have higher visual-motion properties. We hy-
pothesize that these PLTC regions play a role in representing the
semanticcategoryofeventsorthegrammaticalcategoryofverbs.
Neithervisual-motionperceptionregions,norPLTCactionverb
regions, respond preferentially to words that are high in visual-
motion features. Our findings suggest that sensory features do
not form the substrate of conceptual representation for word
comprehension.
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